(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP1 110 696A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

27.06.2001 Bulletin 2001/26 

(21) Application number: 00310961.8 

(22) Date of filing: 08.12.2000 



(51) int CI7: B29C 47/50, C08J 3/20 
// B29K83:00 



(84) 


Designated Contracting States: 


• Rocha-Galicia, Gerardo 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Waterford, New york 12188 (US) 




MC NL PT SE TR 


• Dong, Stephen 




Designated Extension States: 


Clifton Park, New York 12065 (US) 




AL LT LV MK RO SI 


• Mrozek, Alfons 
51381 Leverkusen (DE) 


(30) 


Priority: 21.12.1999 US 467718 


• Banevicius, John Peter 




Clifton Park, New York 12065 (US) 


(71) 


Applicant: GENERAL ELECTRIC COMPANY 




Schenectady, NY 12345 (US) 


(74) Representative: Szary, Anne Catherine, Dr. et al 
London Patent Operation, 


(72) 


Inventors: 


GE International, Inc., 


• 


Martucci, John Patrick 


Essex House, 




Ballston Lake, New York 12019 (US) 


12-13 Essex Street 
London WC2R 3AA (GB) 



(54) Continuous process to prepare silicone compositions 



(57) High levels of fumed silica, processing fluid and 
-high molecular-weight silicone polymer-are continuously- 
compounded into a homogeneous silica filled heat-vul- 
canizable silicone composition by mixing filler and high 



viscosity silicone polymer continuously in a first co-ro- 
_tating_intermeshing..double._screw extruder (112) and 
continuously compounding the filler and silicone poly- 
mer mixture from the first extruder in a second extruder 
(114) comprising a single shaft reciprocating extruder. 
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S I k S "! Ven , t,0n re u, teS t0 3 Pr ° CeSS f0r continuous| y Preparing heat-vulcanizable silicone compositions 
Zand LIT^ £ fT* COmposition comprises a hi 9h viscosity silicone polymer, an inorganic reinforcing 
Sn TJZZ h t? 3 P r ° cessin 9 ° r impart desired final properties to the composition. A vulcanizing agent 

and computer J^ com P 08,t,on heat " Cured to fabricate silic °"* rubber mo.dings such as gaskets, medicaftubing 

[0003] Typically, a heat-vulcanizable silicone composition is produced by kneading a high-viscosity polydiorqanosi- 
loxane the inorganic filler and additives by means of a batch kneading machine such as a high mJ^SSS^Z 

addi SL T£ d h ° Uble H arm t f; gh mixer - ln this P rocess - Polydiorganosiloxane, inorganic filler, treating agents and 
add.tives are batch mixed until des.red properties are obtained. In Kasahara etal., U.S. Pat. 5 198 171 a premix of 

^miv if an ^" 0Xan6 ' in °T, niC fi " er treatin9 a9entS iS f0rmed bv a high s P eed mechanical shearing mixer. The 
premix is further compounded in a same-direction double screw extruder. 

[0004] A batch process requires long mixing times and large amounts of energy. Non-homogeneous shear and ex- 
tensions stress across a commercial sized batch can result in non-uniform size distribution of filler that results in 
variations m properties. Batches processed at different times may be characterized by different physicafp opeme 

mooS, ? w° e f ' S .K ab0r ' ener9V C3pital intenSiVS and produces materials ° f on| y marginal consistency 
EL l "^ Vack ( er - Ch t i m ! e European Patent 570 387 > diorganopo.ysiloxane and silicon dioxide are mixed in a first 
single shaft kneader and degassed in a second single shaft kneader. In Hamada et a/., U.S. Pat. 5 409 978 a premix 
of polydiorganositoxane, inorganic filler and treating agents is formed at a temperature in the range of about 200»C to 

to ™»r f C °- r0t£ T 9 cor f u ° us double ^rew extruder. The premix is then compounded and heat treated at 150°C 
to 300°C in a counter-rotating, double screw extruder. 

f™.H T th eSe def ' Cient in through P ut or in P roduct dispersion. There is a need for a process with 

*s pTymer hr ° UghpUt that Pr ° dUCeS 3 We " diSpersed heat-vulcanizable silicone composition from fi.ler, additive and 

SUMMARY OF THE INVENTION 

30 TUP , in m ti0n Pr ° VideS 3 Pr0CeSS that continuous| y compounds high levels of filler, processing fluid and sili- 

Sn^il f P T SS T S TeqUire 8 PremiX - The pr0Cess comprises mixi "9 a " d high viscosity 
^ 2 TTTT " I ^ C °" r ° tatin9 intermeshi "9 double ^ extruder. The filler and silicone polymer 

35 £?n!L i" r° ther embod ! me " 1 ' a impounding system comprises a first co-rotating, intermeshing double screw 
extruder and a second single shaft reciprocating extruder. 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 irSsa'ndapptatus-ar 0 repreSenteti ° n ° f 8 ~*""» heat-vulcanizable silicone composition compounding 
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[0010] FIG. 2 is a schematic representation of another continuous compounding process and apparatus. 
DETAILED DESCRIPTION OF THE INVENTION 

^L^o^ZTVr^l- fi " ed heat - vulcanizable s "icone compositions are prepared in a combination of 
fun^Z JZ h f ^ P °' ymer Ca " be miX6d in 8 firSt c °- ro ^i"9. intermeshing extruder and then 

further processed in a second extruder of different processing characteristics. Dispersive and distributive mixing in the 
second extruder facilitates surface treatment of the filler. A high rate of interfacial area generation is provided in the 

Z SEET 1 I diffUSi ° n ° f VOlatHe Components trough polymer-vapor interfaces and into L vapor space 
for elimination through equipment vacuum vents. Advantageously, the process does not require a premix feed and can 

feed 31 ' mPrOVed thr ° UghpUt The process can be °P erated at im Proved throughput without the need of a premix 

£°r«it EXa 7' eS °f f Second extmder inc,ude a reciprocating or non-reciprocating single screw extruder or another 
co-rotating, intermeshing extruder. For example, the first extruder can be a co-rotating, intermeshing extruder that 

ZS?F denS f ifieS , fi, ' er - Si ' iCOne P ° lymer and additives ^ a homogeneous material** contains a Ngh tvel o 
fumed silica uniformly dispersed into a highly viscous elastomeric matrix with a high content of residual volatile* A 
single screw reciprocating extruder can be located down-stream of the densifying extruder to complete filler treatment 
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and compounding and to reduce the level of volatiles (moisture, unpolymerized monomer, solvents) contained in the 
predensified material to a required level. 

[0013] The inorganic filler that can be used in the invention can be any inorganic filler used in blends with silicone 
polymers. Examples of inorganic fillers include a reinforcing silica such as fumed silica or precipitated silica or a silica 
5 that has been surface-treated with an organosilicon compound such as an organopolysiloxane, organoalkoxysilane, 
organochiorosilane or a hexaorganodisilazane. The filler can be diatomaceous earth, finely crushed quartz, aluminum 
oxide, titanium oxide, iron oxide, cerium oxide, cerium hydroxide, magnesium oxide, zinc oxide, calcium carbonate, 
zirconium silicate, carbon black or ultramarine. A single filler or a combination of fillers can be used to reinforce the 
silicone polymer. 

10 [001 4] The amount of the filler can be in the range of from about 5 to about 200 parts by weight, desirably from about 
1 0 to about 1 00 parts by weight and preferably from about 20 to about 60 parts by weight, per 1 00 parts by weight of 
silicone polymer. 

[0015] Residual silanol groups on the surface of a filler can govern strength of hydrogen bonds between the silica 
and hydroxyl or oxygen groups in the silicone polymer chain. High concentrations of residual silanols in a filler cause 

15 "structuring" or "crepe hardening" of the final product in storage. This effect leads to difficulties in the processing of the 
material after it has been stored for extended periods. If the concentration of silanol functional groups in a filler is too 
high, a treating agent can be added to reduce the groups to a required concentration. The silanol reactant treating 
agent can react to reduce available groups to a concentration of between about 8 to about 2 hydroxyl groups/(nanom- 
eter) 2 of filler, preferably between about 7 to about 3 hydroxyl groups/(nanometer) 2 of filler. The surface-treated silica 

20 j s a preferred filler in the invention, in an amount from about 1 0 to about 1 00 parts by weight, preferably from about 
20 to about 60 parts by weight, per 1 00 parts by weight of silicone polymer. 

[0016] The treating agent can be mixed into the filler to reduce filler silanol groups, to improve dispensability of the 
filler and/or to reduce the time required for aging of the silicone rubber, to prevent creep hardening and/or to regulate 
plasticity. The treating agent can be an organosilane, organosilazane, a low-viscosity polysiloxane or a silicone resin, 

25 which has a silanol group and/or an alkoxy group having 1 to 6 carbon atoms. Examples include diphenyl-silanediol, 
dimethylsilanediol, methyltriethoxysilane and phenyltrimethoxysilane. The low-viscosity polysiloxane may contain one 
or more kinds of organic groups selected from a methyl group, a phenyl group, a vinyl group and a 3,3,3-trifluoropropyl 
group. The viscosity of the polysiloxane measured at 25°C is in the range of from about 1 to about 300 cP, preferably 
from about 5 to about 1 00 cP. The treating agent can be added in an amount of from 0.1 to 1 00 parts by weight, desirably 

30 from 0.5 to about 50 parts by weight and preferably from about 1 .0 to about 20 parts by weight per 1 00 parts by weight 
of the filler. Preferred silanol-reactant treating agents include silanol-stopped polydimethylsiloxane, octamethylcyclotet- 
rasiloxane (D4) and hexamethyldisilazane (HMDZ). 

[0017]- -The silicone polymer used in the compositionsotthe present invention can. be represented by recurring units 

of Formula I: 

35 







"r 1 

1 

:f±2i 




40 


R 3 -0" 


"Si-O-R 3 




R 2 


R 2 

n 



Formula I 



wherein, R 1 independently at each occurrence represents alkyl, or C 2 . 4 alkylene; R 2 independently at each oc- 
50 currence represents C,_ 4 alkyl, C1-C4 haloalkyl or C 24 alkylene; R 3 independently at each occurrence represents H, 

C 1 . 10 a'kyl, C 2 . 4 alkylene, C 4 . 6 cycloalkyl, OH or C r C 4 haloalkyl; and n represents an integer from 1,000 to 20,000. 

[001 8] A further preferred composition comprises a silicone polymer wherein, R 1 independently at each occurrence 

represents, CH 3 or CH=CH 2 ; R 2 independently at each occurrence represents, CH 3 , CH=CH 2 or CH 2 CH 2 CF 3 ; R 3 

independently at each occurrence represents CH 3 , CH=CH 2 , OH or CH 2 CH 2 CF 3 ; and n represents an integer from 
55 about 4,000 to about 1 0,000. 

[0019] Another embodiment provides a composition wherein the vinyl content of the silicone polymer ranges from 

about 0.05% to about 0.5 % by weight of the silicone polymer. 

[0020] The heat-vulcanizable silicone composition can also include other additives such as heat-resistance improv- 
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ers such as oxides, hydroxides and fatty acid salts of metals, vulcanization reverse inhibitors, flame retardants such 
as platinum compounds, discoloration preventive agents, plasticizers such as silicone oil, internal release agent such 
as metal soaps, pigments and dyes. 

[0021] Features of the invention will become apparent from the following drawings and detailed discussion, which 
by way of example without limitation describe embodiments of the present invention. 

[0022] FIG. 1 is a schematic representation of a silicone composition compounding process according to the inven- 
tion. In the FIG. 1 embodiment, either treated or untreated, raw fumed silica filler is mixed with a processing fluid that 
comprises HMDZ and water at a first location prior to addition of the silicone polymer. The amount of HMDZ can be in 
the range of from about 0.1 to about 100 parts by weight, desirably from about 0.5 to about 50 parts by weight and 
preferably from about 1 .0 to about 20 parts by weight, per 1 00 parts by weight of the fumed silica. The amount of water 
can be in the range of from about 0.1 to about 1 00 parts by weight, desirably from about 0.5 to about 20 parts by weight 
and preferably from about 1 to about 1 0 parts by weight, per 1 00 parts by weight of the fumed silica. 
[0023] In FIG. 1 , a process and apparatus (system) for compounding filled silicone compositions is designated 110 
The system 110 includes first extruder 112 and second extruder 114. The first extruder 112 is a double screw extruder 
of the co-rotating intermeshing type. Multiple extruders can be used as the first extruder 11 2 to compound filler, treating 
agent and silicone polymer. The resulting homogenous material can be fed to the second extruder 114, which is a 
single shaft extruder. The second extruder 114 is designed to operate at high temperatures and to provide the open 
surface areas necessary for devolatilization. The ratio of L7D,of the first extruder to L7D of the second extruder can be 
about 0.37 to about 0.66 or preferably about 0.48 to about 0.52. The second extruder can be provided with a pressurized 
zone to retain volatiles. This section can be formed by isolating screw elements with melt rings or extended core 
elements situated at both the beginning and at the section end. 

[0024] In the process of FIG. 1, filler 116, distilled water 118, HMDZ 120, siianol 122 and a vinyl oil 124 are contin- 
uously supplied from storage tanks into first extruder 112. Polymer 128 is added and the materials are continuously 
compounded and discharged as an extrudate 130. The extrudate 130 is continuously fed into second single shaft 
extruder 114 such as a Pilgrim extruder. Preferably, the filler and silicone polymer mixture is charged to the second 
extruder via a side feed. Second extruder 114 is provided with a vent for extrudate devolatilization 132. The vent can 
be a plurality of vents in applications that require more than one vent for effective devolatilization. After venting 132, 
a compounded and devolatilized filled silicone composition is discharged 134 at the end of the second extruder 114.' 
[0025] FIG. 2 shows another embodiment that includes a transition apparatus between extruders of the invention. 
In FIG. 2, the process and apparatus (system) is designated 140 and includes first extruder 142 and second extruder 
1 44. The first extruder 142 used in the invention can be a double screw extruder of the co-rotating, intermeshing type 
This extruder is especially suited for the process of this invention due to its capability to produce the conditions needed 
for the preparation of the filler for compounding with the silicone polymer, The-extruder can have multiple addition ports 
for on-stream addition of the components of the compounded silicones. The extruder can operate at the high temper- 
atures and can provide the open surface areas necessary for filler chemical treatment with treating agent. Finally, this 
extruder can provide the high pressurization necessary to pump the compounded product out of the extruder. 
[0026] In an embodiment, the filler and polymer can be mixed in a first co-rotating, intermeshing extruder 142 and 
then further processed in another extruder 144 of different characteristics. Examples of a second extruder 144 include 
a reciprocating or non-reciprocating single screw extruder or another co-rotating, intermeshing extruder. For example, 
the first extruder 142 can be a co-rotating, intermeshing extruder that densifies processing fluid and filler into a homo- 
9 ene Q us material that contains a high level of fumed silica un iformly dispersed into a highly viscous elastomeric matrix 
with a high content of residual volatiles. A single screw reciprocating extruder 144 can belocated down-stream of the" 
densifying extruder 142 to complete filler treatment and compounding and to reduce the level of volatiles (moisture, 
unpolymerized monomer, solvents) contained in the predensified material to a required level. 

[0027] The combination of extruders can be designed for improved surface area renewal, feeding capability resi- 
dence time, dispersive and distributive mixing, devolatilization efficiency, temperature control or a combination of two 
or more of these effects. The second extruder 144 can be operated in-series with the first extruder. Compounded 
material can be force-fed from one extruder to the other by the use of pressure generated internally by the rotation of 
the screws. In FIG. 2, material from extruder 142 is conveyed by transition apparatus 1 46, which can be a single screw 
extruder such as a discharge extruder or a feeder crammer to control back pressure, surging and heat generation in 
extruder 1 42. The apparatus 1 46 can be a single screw extruder with an L/D ratio of about 3.5 and with double flights 
in a metering section to facilitate material discharge from extruder 1 42. The transition apparatus 1 46 can act as a buffer 
between the two extruders 142 and 144, to reduce flow variations (surging) from one extruder 142 to the next 144. 
The apparatus 146 can be adjusted to overcome unloading pressure from the first extruder. While FIG. 2 shows the 
transition apparatus 146 feeding product from extruder 142 to the top of extruder 144, the product from extruder 142 
can be side fed to extruder 144 either directly or by means of the transition apparatus 146. Side feed reduces heat 
generation that may be occasioned by the 90° turn of a top feed. 

[0028] The first co-rotating, intermeshing extruder 142 can provide a high mixing intensity to initially density and 
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compound filler and silicone. A combination of dispersive and distributive mixing in extruder 144 facilitates filler treat- 
ment by effectively exposing residual silanol groups on the surface of the filler to the action of treating agents. Also, a 
high rate of interracial area generation is provided in the single screw reciprocating extruder 144 to facilitate diffusion 
of volatile components through polymer-vapor interfaces and into the vapor space for elimination through equipment 
vacuum vents 148. Vents 148 are illustrated as including a pre-condenser 150, vacuum pump 152 and after condenser 
1 54 to reduce temperature of volatiles to about 30°C. 

[0029] In the process illustrated in FIG. 2, raw, untreated fumed silica is charged from filler tank 156 to bin 158 and 
is metered into extruder 142 by means of filler feeder 160. Silicone polymer from storage 162 is heated 164 to a 
temperature of at least 15°C. Desirably, the polymer is heated 162 to a temperature between about 15°C and about 
150°C and preferably between about 25°C and about 120°C. Heating the polymer advantageously reduces the heating 
of material in extruder 142. Further, heating reduces the viscosity of the polymer so that it can be controllably metered 
into the extruder 1 42. Accordingly, proper proportions of filler and additives can be determined for processing with the 
polymer and feeds of the filler and additives can be metered and controlled to assure proper mixing proportions of the 
composition components. 

[0030] Prior to mixing with the heated polymer in extruder 142, a combination of distilled water 166 and HMDZ 168 
is added to the filler, followed by the addition of silanol 1 70 and vinyls 1 72. 

[0031 ] Temperature in the first extruder 1 42 is maintained between about 25°C and about 200°C, desirably between 
about 30°C and about 180°C and preferably between about 40°C and about 130°C. Product from first extruder 142 is 
charged by means of the transition apparatus 146 into second extruder 144 for compounding, treatment and stripping. 
Temperature in the second extruder can be controlled in a step-wise manner so that the temperature along the first 1 
to 3 diameters of the extruder is maintained between about 50°C and about 200°C, desirably about 80°C and about 
1 70°C and preferably between about 1 00°C and about 1 50°C. The temperature is raised after about the f irst 3 diameters 
of barrel length to about 100°C to about 200°C, desirably to about 120°C to about 190°C and preferably about 140°C 
to about 180°C. 

[0032] Product is pumped from extruder 144 and is cooled 174 to about 70°C. 

[0033] These and other features will become apparent from the following detailed discussion, which by way of ex- 
ample without limitation describes preferred embodiments of the present invention. 
[0034] Example 

[0035] The materials shown in Table 1 (run 1 001 ) were charged into a 5" diameter Readco co-rotating intermeshing 
double screw extruder (L7D=7.2). 



Table 1 
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-Materiah(partsby weight)/Run 



Methylvinylsillcone polymer 

Vinyl terminated polydimethylsiloxane (500cps) 

Untreated, raw fumed silica 

HMDZ 

Deionized water 



Polydimethylsiloxane 
Polydimethylmethylvinylsiloxane 



1001 



100 



60 
3 
1.5 
6.3 
1.2 



-Batch -1002 



100 



60 
0.5 



6.3 
1.2 



100 

3 
60 
0 

0_ 

8 

3 



[0036] A densified and mixed product from the Readco was then charged into a BUSS LR-100 single shaft recipro- 
cating extruder (L/D 1 9) where it was compounded, treated and stripped at a temperature of about 1 50°C. The Readco 
was operated at 290 RPM's and at a temperature of 81 °C; the BUSS was operated at 250 RPM's and at temperatures 
from 100°C to 150°C. A vacuum of 29 inches Hg was imposed at the Buss vent for devolatilization. The product was 
cooled and evaluated with the results shown in Table 2. 

[0037] A second run (1002) was conducted in the Readco and BUSS extruders to evaluate compounding without 
HMDZ in situ treatment of filler. The Readco was operated at 225 RPM's and at a temperature of 103°C; the BUSS 
was operated at 200 RPM's and at a temperature of 1 50°C. The materials charged are listed in Table 1 and properties 
of product are shown in Table 2. 

[0038] A comparison preparation of the materials shown in Table 1 was conducted as a comparison. Product was 
evaluated with the results shown in Table 2. 
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Table 2 
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Property/Run 


1001 


Batch 


1002 


Specific Gravity 


1.182 


1.185 


1.18 


Shore A Hardness 


60 


58 


69 


Tensile Strength (psi) 


1520 


1470 


1350 


Elongation (%) 


404 


440 


327 


Tear (ppi) 


21.8 


22 


105 



[0039] This Example shows that the continuous process of the invention can provide filled heat-vulcanizable silicone 
compositions having properties comparable to those of compositions produced in a batch process. 
[0040] While preferred embodiments of the invention have been described, the present invention is capable of var- 
iation and modification and therefore should not be limited to the precise details of the Examples. The invention includes 
changes and alterations that fall within the purview of the following clauses. 

[0041] For the sake of good order, various features of the invention are set out in the following clauses:- 

1 . A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 

mixing filler and high viscosity silicone polymer continuously in a first co-rotating intermeshing double screw 
extruder; and 



25 



30 



35 



compounding a filler and silicone polymer mixture from said first extruder in a second extruder comprising a 
single shaft reciprocating extruder. 

2. The process of clause 1 , wherein said mixing of said filler and polymer is conducted in the absence of a prernix. 

3. The process of clause 1 , wherein said filler is densified and mixed with said silicone polymer in said first extruder 
and said filler and silicone polymer mixture is compounded, treated and stripped of volatiles in said second extruder. 

4 The process of clause 1 , wherein said filler comprises fumed silica that is pretreated with a silanol treating agent 
prior to mixing in said first extruder. - - - 

5. The process of clause 1 , wherein said filler comprises a raw, untreated fumed silica and treating agent is added 
to said first extruder with said silica. 



40 



45 



50 



6. The process of clause 1 , additionally comprising mixing a processing fluid with said filler in said first extruder. 

7. The process of clause 6, wherein said filler comprises silica and said processing fluid comprises an amount of 
HMDZ of.about.0..1.parts4o abouut00=parts by.weight to.about 100 parts.silica and an.amounLof water_of about 



0.1 to about 100 parts by weight to 100 parts silica. 

8. The process of clause 6, wherein said filler comprises silica and said processing fluid comprises an amount of 
HMDZ of about 0.5 parts to about 50 parts by weight to about 100 parts silica and an amount of water of about 
0.5 to about 20 parts by weight to 1 00 parts silica. 

9. The process of clause 6, wherein said filler comprises silica and said processing fluid comprises an amount of 
HMDZ of about 1 .0 parts to about 20 parts by weight to about 1 00 parts silica and an amount of water of about 
1 .0 to about 1 0 parts by weight to 1 00 parts silica. 



55 



1 0. The process of clause 1 , wherein a ratio of L/D of the first extruder to L/D of the second extruder is about 0 37 
to about 0.66. 

11 . The process of clause 1 , wherein a ratio of L/D of the first extruder to L/D of the second extruder is about 0 48 
to about 0.52. 
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12. The process of clause 1 , wherein said filler is added for mixing in said first extruder and said polymer is added 
after the addition of said filler. 

13. The process of clause 12, wherein said filler is added for mixing in said first extruder, a processing fluid is 
5 added after the addition of said filler and said polymer is added after the addition of said processing fluid. 

14. The process of clause 12, wherein said filler is added for mixing in said first extruder, a processing fluid is 
added after the addition of said filler, a treating agent is added after the addition of said processing fluid and said 
polymer is added after the addition of said treating agent. 

10 

15. The process of clause 1 , comprising heating said high viscosity silicone polymer to reduce the viscosity of said 
polymer prior to mixing in said first extruder 

16. The process of clause 1, comprising heating said high viscosity silicone polymer to at least 15°C to reduce the 
15 viscosity of said polymer prior to mixing in said first extruder. 

17. The process of clause 1 , additionally comprising: 

monitoring a continuous feed of said silicone polymer to said first extruder; and 

20 

adjusting a rate of feed of filler or additive to said first extruder in accordance with said feed of silicone polymer. 

18. The process of clause 1, comprising charging said filler and silicone polymer mixture via a side feed to said 
second extruder. 

25 

19. The process of clause 1 , comprising feeding said filler and silicone polymer mixture from said first extruder to 
said second extruder by means of a transition apparatus. 

20. The process of clause 1 , comprising feeding said filler and silicone polymer mixture from said first extruder to 
30 said second extruder by means of a transition apparatus and adjusting said transition apparatus to overcome 

unloading pressure from said first extruder. 

21 . A continuous process of-preparing a heat-vulcanizable filled silicone composition,. comprising: _ 

35 forming a premix of filler and high viscosity silicone polymer; 

mixing said premix and additional high viscosity silicone polymer continuously in a co-rotating intermeshing 
double screw extruder; and 

40 compounding a filler and silicone polymer mixture from said co-rotating intermeshing double screw extruder 
in a second single shaft reci procating extruder. ^ ^ , . 

22. The process of clause 21 , wherein said filler is a treated fumed silica. 

45 23. The process of clause 21 , wherein said filler is an untreated, raw fumed silica. 

24. The process of clause 21 , wherein said filler is silica and said processing fluid comprises an amount of HMDZ 
of about 0.1 parts to about 100 parts by weight to about 100 parts silica and an amount of water of about 0.1 to 
about 100 parts by weight to 100 parts silica. 

50 

25. The process of clause 21 , wherein said filler is silica and said processing fluid comprises an amount of HMDZ 
of about 0.5 parts to about 50 parts by weight to about 100 parts silica and an amount of water of about 0.5 to 
about 20 parts by weight to 1 00 parts silica. 

55 26. The process of clause 21 , wherein said filler is silica and said processing fluid comprises an amount of HMDZ - 

of about 1.0 parts to about 20 parts by weight to about 100 parts silica and an amount of water of about 1.0 to 
about 10 parts by weight to 100 parts silica. 
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34. The process of clause 21 , additionally comprising: 

monitoring a continuous feed of said silicone polymer to said first extruder; and 

adjusting a rate of feed of filler or additive to said first extruder in accordance with said feed of silicone polymer. 
TecZnteZZ. " ™ ' ^ ***** * -de feed to said 

37. A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 

stTw e f xiruTr^ h nd h ^ COt *™°^ in a «■* counter-rotating, intermeshing double 

compounding a filler and silicone polymer mixture from said first extruder in a second extmder comorisino a 
, _. counter-rotating; non-intermeshing doublescrew extruder exiruaer comprising a 



38. A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 

mixing filler and high viscosity silicone polymer continuously in a first single screw extruder; and 

compounding a filler and silicone polymer mixture from said first extruder in a second extmrter n*n~> • 
counter-rotating; non-intermeshing double screw extruder. comprising a 

39. A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 

mixing filler and high viscosity silicone polymer continuously in a first single screw extruder; and 

compounding a filler and silicone polymer mixture from said first extruder in a second extruder comorisino a 
co-rotating, intermeshing double screw extruder. exiruaer comprising a 

40. A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 
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mixing filler and high viscosity silicone polymer continuously in a first co-rotating intermeshing double screw 
extruder; and 

compounding a filler and silicone polymer mixture from said first extruder in a second extruder comprising a 
second co-rotating, intermeshing double screw extruder, wherein said first extruder has a greater OD/ID ratio 
than said second extruder. 

41 . A compounding system, comprising a first co-rotating, intermeshing double screw extruder and a second single 
screw extruder. — 

42. The compounding system of clause 41 , wherein said second extruder comprises a single screw reciprocating 
extruder. 

43. The compounding system of clause 41 , wherein said second extruder comprises a single screw reciprocating 
15 extruder having an L/D ratio of 50 or less. 

44. The compounding system of clause 41 , wherein said first extruder is connected to feed via a side feed to said 
second extruder. 

20 45. The compounding system of clause 41 , additionally comprising a transition apparatus to feed material from 

said first extruder to said second extruder. 

46. The compounding system of clause 41, additionally comprising a transition apparatus comprising a single 
screw extruder to feed material from said first extruder to said second extruder. 

25 

47. The compounding system of clause 41, additionally comprising a transition apparatus comprising a single 
screw extruder with an L/D ratio of about 3.5 to feed material from said first extruder to said second extruder. 

48. The compounding system of clause 41, additionally comprising a transition apparatus comprising a single 
30 screw extruder with double flights to facilitate discharge of material from said first extruder to said second extruder. 

49. The compounding system of clause 41, additionally comprising a transition apparatus comprising a single 
screw extruder-to.overcome-unloading.pressure from said first extruder. . 

35 50. The compounding system of clause 41 , wherein said second extruder includes a pressurized zone to retain 

treating agent volatiles. 

51 . The compounding system of clause 41 , wherein said second extruder includes a pressurized zone to retain 
volatiles, said zone formed by isolating screw elements situated at both the beginning and at the section end. 

40 

52. A compounding system, comprising a first counter- rotating, intermeshing double screw extruder; and a second 
coulitef-rotating; non-intefmeshin 

53. A compounding system, comprising a first single screw extruder; and a second co-rotating, intermeshing double 
45 screw extruder for further processing. 

54. A compounding system, comprising, a first co-rotating, intermeshing double screw extruder; and a second 
single screw reciprocating extruder for further processing. 

50 55. a compounding system, comprising, a first co-rotating intermeshing double screw extruder; a second co-ro- 

tating, intermeshing double screw extruder, wherein said first extruder has a greater OD/ID ratio than said second 
extruder. 

55 Claims 

1 . A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 
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ZZZanT ViSC ° Sity Si ' iCOne P °' ymer C ° ntinU0US, y in a first ^-rotating intermeshing double screw 

^nTrf 19 8 fi,,er ? nd Sl ' iCOne P ° ,ymer mlXtUre from said first extruder jn * second extruder comprising a 
single shaft reciprocating extruder. ih«»«ih * 

2. A continuous process of preparing a heat-vuicanizable filled silicone composition, comprising: 
forming a premix of filler and high viscosity silicone polymer; 

^sZr e ZZ d :T° n * hi9h ViS ° OSity SNiCOne P ° lymerCOn ,inU ° US ' y in 3 C °- rotati "9 -termeshing 

compounding a filler and silicone polymer mixture from said co-rotating intermeshing double screw extruder 
in a second single shaft reciprocating extruder. exiruaer 

3. A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 
"crew e f !Iru r d a e n r d a h nd h V ' SC ° Sity Si ' iC ° ne P °' ymer C ° minUOUSly in a first counter-rotating, intermeshing double 

l^TrTj 3 fi " er Si,iC °" e P °' ymer mb<tUre fr ° m Said first extruder in a second e^der comprising a 
counter-rotating; non-intermeshing double screw extruder. 

25 4. A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 

mixing filler and high viscosity silicone polymer continuously in a first single screw extruder; and 

compounding a filler and silicone polymer mixture from said first extruder in a second extruder comprisino a 
counter-rotating; non-intermeshing double screw extruder. exiruaer compr.smg a 

5 " A COntinUOUS Pr ° CeSS ° f preparin9 a heat-vulcanizable filled silicone composition, comprising: 

mixing filler and high viscosity silicone polymer continuously in a first single screw extruder; and 

coTot«tin din9 t a ""^K ^ f 0006 P °' ymer miXtUre fr ° m S3id firBt 6Xtruder in a second e *™°^ comprising a 
co-rotating, intermeshing double screw extruder. y 

6. A continuous process of preparing a heat-vulcanizable filled silicone composition, comprising: 

P ol V mer continuously in a first co-rotating intermeshi ngdoublescrew 



30 
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compounding a filler and silicone polymer mixture from said first extruder in a second extruder comprising a 
Zsai^ 

? ' ire°w extmder 9 SVStem ' COmpn ' Sing * co-otating, intermeshing double screw extruder and a second sing.e 

8 - iZSSZff^Z^f in, ™ hin9 doub,e screw extruder; and a 

9 ' ** Sin9 ' e ^ SXtrUder; 8 — ««9. intermeshing double 

10 " tt.°<ZtZZ 9 T t6m ' COmprisin 9' a first co-rotating intermeshing double screw extruder; a second co-rotating 
.ntermeshmgdouble screw extruder, wherein saidfirstexIruderhasagreaterOD/ID ratio than said second extruder 
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